Purpose: Breast or cervical cancer screening visits may present an opportunity to motivate mothers to have their daughters vaccinated against human papillomavirus (HPV). In preparation for a future intervention study, we sought to establish the feasibility of using these visits to identify women with at least one daughter in the appropriate age range for adolescent HPV vaccination. Methods: We conducted a cross-sectional mailed survey of women who had received breast or cervical cancer screening within the 6-18 months before the survey. The study was conducted at two diverse institutions: one serving a mostly black (54.1%) urban inner-city population and another serving a mostly white (87.5%) suburban population. Results: Our overall response rate was 28% (n ¼ 556) in the urban site and 38% (n ¼ 381) in the suburban site. In the urban site, the proportions of mothers completing mammography or Pap smear visits with HPV vaccineeligible daughters were 23% and 24%, respectively. In the suburban site, the proportions of mothers completing mammography or Pap smear with at least one vaccine-eligible daughter were 41% and 26%, respectively. Conclusions: Women who undergo breast or cervical cancer screening in the two different demographic groups evaluated have at least one adolescent daughter at the appropriate age for HPV vaccination. An important implication of this finding in adolescent daughters of urban mothers is the potential use of maternal breast or cervical cancer screening encounters to target a potentially undervaccinated group.
Introduction
Cervical cancer control through screening C ervical cancer, the second most common malignancy in women worldwide, remains a leading cause of female cancer-related death. The lack of organized Papanicolou (Pap) smear screening programs primarily accounts for the disproportionate number of cervical cancer patients and incident cervical cancers in the developing world. 1, 2 The widespread use of Pap smear screening for cervical cancer has led to a marked reduction in incident cervical cancer cases and deaths attributable to cervical cancer in the United States.
Despite the success of Pap smear screening in the prevention of cervical cancer, nearly 10,000 incident cervical cancer cases and 4,000 deaths still occur annually in the United States. 3 In addition, over 1 million low-grade and high-grade squamous intraepithelial lesions of the cervix are detected each year, leading to multiple follow-up visits and invasive procedures to monitor and treat these precancerous cervical changes. 4 These cervical cancers and precancers are directly attributable to human papillomavirus (HPV) infection.
Cervical cancer prevention through HPV vaccination
The U.S. Centers for Disease Control and Prevention (CDC) currently recommends a quadrivalent HPV vaccine (Gardasil Ò , Merck) for females aged 9-26 for prevention of cervical, vulvar, and vaginal cancers; precancerous cervicogenital lesions; and genital warts caused by the four HPV types targeted by the vaccine. A second, bivalent vaccine (Cervarix Ò , GlaxoSmithKline) that prevents cervical precancers associated with oncogenic HPV types 16 and 18 5 was approved in October 2009 for females aged 10-25 in the United States but is not readily available. Nationally, one fourth of all teens aged 14-19 are infected with HPV, of which more than half have a high-risk, or oncogenic, HPV type. 6 Therefore, it is imperative to identify ways to increase HPV vaccine use in the adolescent population in order to protect against cervical cancer.
Challenges to adolescent vaccine delivery
Immunization delivery in the adolescent group presents unique challenges. Despite endorsement by the American Academy of Pediatrics (AAP) for adolescent wellness visits, adolescents, as a group, make fewer visits to physicians' offices that at any other time in their lives, 7 with some studies indicating as few as 35% of adolescent females having a preventive care visit in the past 12 months. 8 Adolescent HPV vaccine delivery is further complicated by the different types of primary care providers who may provide care to adolescents as they age. Family practitioners, pediatricians, and gynecologists all play an active role in adolescent preventive care, and the multiplicity of providers can cause added difficulty in ensuring that the three-dose HPV vaccine series is completed.
Achieving the high rates of HPV vaccine coverage in adolescents recommended by Healthy People 2010 9 will require novel strategies for improving vaccine uptake. There is substantial contrast between the low rate of adolescent preventive services use and the very high use (65%-80%) of cervical and breast cancer screening services among adult women. 10 These breast or cervical cancer screening encounters represent a unique way to reach large numbers of women for dissemination of educational information for other cancer preventive services for themselves and could serve as an educational gateway with which to inform mothers about the importance and availability of adolescent HPV vaccination. 11 Before we can evaluate these screening encounters as potential teachable moments, we first need to determine the proportion of women participating in breast or cervical cancer services who have adolescent daughters in the appropriate age range for HPV vaccination. Therefore, our purpose in this study is to determine the proportion of mothers with HPV vaccineeligible daughters attending cervical and breast cancer screening visits at two racially, economically, and geographically diverse outpatient clinic systems.
Materials and Methods

Study sites
The study was conducted at two geographically, racially, and economically distinct sites.
The University of Chicago Medical Center (hereafter referred to as the urban site) serves an urban inner-city population in the south side of Chicago, Illinois. In 2006, 25,786 mammograms for breast cancer screening and >10,000 cervical cancer screenings were performed. In the same year, by race and ethnicity, 31.9% of patients were white, 54.1% black, 0.1% American Indian, 0.6% Asian, 3.9% Hispanic=Latino, and 9.4% unknown. Insurance coverage by payer source for outpatients was Medicare 27.1%, Medicaid 23.2%, and commercial insurance 49.7%. The 2000 Census information estimates that 30.7% of families lived below the poverty line.
The University of Michigan Health System (hereafter referred to as the suburban site) serves a suburban and exurban population in southeastern Michigan covering five counties. In 2006, there were 14,877 screening mammography visits and 4,395 cervical cancer screening visits in the target maternal age group at these clinics. An analysis of women undergoing breast cancer screening between 1998 and 2002 showed that 71.4% had commercial insurance, 26.7% had Medicare, and 1.5% had Medicaid, with similar insurance coverage in women undergoing cervical cancer screening. Data on ethnicity and income are not collected during care provision, but 2000 Census data estimate race and ethnicity as follows: white 87.5%, black 6.6%, American Indian 0.3%, Asian 2.6%, and Hispanic 2.7%, with 4.6% of families living below the poverty line.
Patient population
Women 25-55 years old who attended a cancer screening visit (breast cancer screening CPT codes 76092, 77057 or G0202 or cervical cancer screening CPT codes Q0091, G0101) at one of the study sites between December 1, 2007, and November 30, 2008, were retrospectively identified. Of an eligible sample of 39,983 women who attended these visits, a convenience sample of 3,000 women was randomly selected to receive a self-administered, mail-based survey 6-18 months after their cancer screening visit. To ensure adequate representation of African Americans, the urban site was oversampled using a 2:1 ratio (2,000 surveys to women from the urban site; 1,000 surveys to women from the suburban site). At the urban site, surveys were sent to 1,000 women receiving breast cancer screening and 1,000 women receiving cervical cancer screening. At the suburban site, 500 surveys were sent to women receiving breast cancer screening and 500 women receiving cervical cancer screening. Each survey was accompanied by a $1 bill, and each participant who returned a survey received a $5 gift card. A second mailing with an additional $1 incentive was sent to nonrespondents 1 month after the first mailing. The study was approved by the University of Michigan and University of Chicago Institutional Review Boards.
Outcome measure
The primary outcome measure in this study was the proportion of respondents undergoing breast or cervical cancer screening who had an adolescent daughter aged 9-17 years. This adolescent age group was chosen to mirror the age group for which the CDC recommends vaccination. Acknowledging that once adolescents reach the age of 18 and they are able to self-consent to HPV vaccination, we set the upper limit at age 17 for adolescents in our study.
Survey instrument
The survey assessed sociodemographic variables, including age of the study participant, ages and number of children in the family, age and insurance status of the eldest adolescent daughter, maternal race=ethnicity, education level, annual income, and marital status. Because we did not have the total family size, we defined poverty as those with <$20,000 in household income, rather than the conventional definition adjusting for the number of household members.
Statistical analysis
Frequency of the primary outcome was calculated with differences between groups assessed using chi-square tests,
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with a statistical significance set at p 0.05. All statistical analyses were conducted using Stata 10.0. (StataCorp).
Results
Of the 3,000 women who were sent the survey, 937 responded, for an overall response rate of 31% (Fig. 1 ). Of these, 232 (25%) were mothers or primary caretakers of adolescent females aged 9-17 years. The mean maternal age was 44 years (range 30-55), and the mean daughter age was 13 years (range 9-17). There were significant differences between the recruitment sites with regard to several demographic characteristics of the respondents (Table 1 ). Compared to those at the suburban site, respondents at the urban site were more frequently black and single and had a family income below the poverty line. There were also significant differences in the proportion of mothers with adolescent daughters based on the type of cancer screening visit and site of visit. Specifically, the proportion of respondents completing breast cancer screening at the suburban site who are mothers (0. Maternal demographic characteristics varied by site, with significantly higher proportion of black mothers represented in the urban population compared to the suburban population (Table 2) . Mothers from the urban site were more likely to be single mothers or to have a family income below the poverty line compared to suburban site mothers. No notable differences by site in adolescent demographic or insurance coverage characteristics were identified.
As women may have had the opportunity to attend both breast and cervical cancer screening during the study period, we evaluated the number of unique women who underwent breast or cervical cancer screening who had adolescent daughters. At the urban site, of the 4,744 unique women, our sampling strategy yielded 1,654 unique women who were sent the survey; 525 unique women returned the survey (31.7% response rate). Of the 525 unique women who returned the survey, 113 (21.5%) were mothers of adolescent daughters aged 9-17. At the suburban site, of the 27,535 unique women, our sampling strategy yielded 996 unique women who were sent the survey; 380 unique women returned the survey (38.2% response rate). Of the 380 unique women who returned the survey, 114 (30%) were mothers.
Discussion
The CDC targets adolescents as the preferred age for HPV vaccination. Our results demonstrate that a substantial proportion (25%) of women undergoing breast or cervical cancer screening have adolescent daughters in the appropriate age range for HPV vaccination. These results are consistent with an analysis of the Behavioral Risk Factor Surveillance System (BRFSS) 2006 data (R.C. Carlos, unpublished results), where frequencies ranged from 23% to 41% depending on the site and type of cancer screening encounter. Given the consistency of these findings, we can now begin to explore the use of maternal breast or cervical cancer screening encounters as educational gateways to improve HPV vaccination in adolescent daughters.
Improving current rates of adolescent HPV vaccination
The Healthy People 2010 report advocates coverage levels of 90% for any new universally recommended vaccine within 5 years of the recommendation, 9 yet none of the recommended adolescent vaccines have reached this level of coverage. Despite an energetic public advertisement campaign by HPV 12 Significant variations in vaccine uptake by state, race, and economic status have been demonstrated both nationally 12 and among the suburban sample in our study. 13 These disparities call into question the overall impact that HPV vaccines have on cervical cancer rates in the United States, given the current HPV vaccine use patterns among adolescents. It is well recognized that minority women are at higher risk of developing and dying from cervical cancer. 10 From our work and from national studies, it appears that minority adolescents may be less likely to achieve protection against HPV infection via vaccination.
Given this, an important finding from our study was the high proportion of mothers with diverse racial backgrounds undergoing cancer screening visits at our study sites who had daughters in the age range for HPV vaccination. Maternal cancer screening visits may represent a unique teachable moment (TM) to educate mothers about the importance of adolescent HPV vaccination, subsequently resulting in improved adolescent HPV vaccination rates. A paucity of data exists on the use of parental cancer screening visits as TMs to improve their child's cancer preventive care, although use of child office visits has been demonstrated as an effective TM for parental smoking cessation.
14 Previous work has discussed the efficacy of using targeted educational materials to address the specific concerns mothers may have about HPV vaccination. [15] [16] [17] [18] [19] Using cancer screening visits as the educational gateway through which to provide these materials may be a cost-effective and efficient way to increase mothers' motivation for having their daughters vaccinated.
Study implications
In our current study, we have shown that we are able to recruit study participants representing the racial=ethnic and socioeconomic distribution of the underlying population at two geographically and economically diverse sites. The prevalence of adolescent daughters in these populations surveyed by mail establishes the lower limit of the potential population from which we will recruit for a future intervention study that evaluates the use of targeted educational material to improve adolescent HPV vaccine uptake.
We found that in the suburban population, more women completing breast cancer screening were mothers of adolescent daughters, consistent with national demographic trends of later childbearing in women with higher education or socioeconomic status. 20 This suggests that targeting of maternal educational materials may need to account for differences in socioeconomic and educational status of the underlying population. To date, there have been no trials in the literature evaluating the impact of maternal education on actual adolescent HPV vaccination practices, with limited evaluation of maternal educational interventions to improve maternal intention to have their daughters vaccinated. 21 We are actively developing interventions targeted to maternal factors that Brewer and Fazekas 15 have shown to be associated with HPV vaccination.
The most significant limitation of our study is the 31% response rate. Despite inviting 3,000 women to participate and offering incentives for both reading and completing the survey, our response rate remained low, which has implications for the generalizability of our results to the wider population the study clinics serve. In the absence of data on total family size to inform our definition of poverty, we likely underestimated the number of households below the poverty line.
Conclusions
Primary prevention of cervical and other HPV-associated cancers via vaccination is an important breakthrough in women's health. Over the long term, widespread vaccination against HPV will mean fewer cases of cervical cancer. In the short term, it will mean fewer cases of genital warts and less need for procedures used to diagnose and treat precancerous changes in the cervix. The success of HPV vaccination, however, will depend largely on acceptance of the vaccine by those at risk of infection and its clinical consequences. Beyond the United States, other countries have implemented successful HPV vaccination programs. For example, Australia has established the National Human Papilloma (HPV) Vaccination Program providing free vaccines for 12-18-year-olds as well as the National HPV Vaccination Program Register to monitor and evaluate HPV vaccination. The system of medical care and reimbursement in the United States differs sufficiently from that in Australia and requires alternative strategies to improve HPV vaccination.
In the United States, implementing programs to reach adolescents is challenging because of relatively limited preventive healthcare encounters in this age group. Mothers' cancer screening encounters may represent a unique opportunity to encourage vaccine use among their adolescent daughters. The differences between adolescent and maternal preventive service use and the central role mothers play in their adolescent's receipt of health services provide compelling evidence for the use of maternal cancer preventive services as a TM to improve HPV vaccination in their adolescent daughters.
